This study evaluated the correlation and agreement between the Bispectral Index (BIS) or A-line Autoregressive Index (AAI) and a clinical scoring system, the Ramsay Sedation Scale (RSS), in 40 patients after elective cardiac surgery and admission to the intensive care unit. All patients received sedation with propofol according to the study protocol. BIS, AAI and RSS were documented at two different levels of sedation: deep sedation RSS 4 -6; and slight sedation/extubation RSS 2 -3. Both the BIS and AAI agreed well with the RSS (h-coefficients of 0.902 and 0.836, respectively, for mean overall RSS stages). The systems agreed well among each other (overall intra-class correlations of 0.670 for consistency and 0.676 for absolute agreement).
Introduction
Sedation and analgesia are important aspects of patient care in the intensive care unit (ICU). 1 Goal-oriented sedation and analgesia 1 -3 with the use of clinical practice guidelines, scoring systems and target selection of agents for sedation achieves early spontaneous breathing, 4 together with rapid weaning and short stays in the ICU and hospital. 5 Sedation is monitored by clinical scoring systems such as the Ramsay Sedation Scale (RSS), Sedation Agitation Scale (SAS) and Richmond Agitation Sedation Scale (RASS). 5 -8 However, even if sedation-guideline and scoring-system use enables a reduction in the V von Dossow, M Moshirzadeh, M Kastrup et al. AAI and BIS in assessment of short-term sedation duration of mechanical ventilation, such positive changes are achieved only with sufficient training of the personnel involved. 9, 10 Bispectral Index (BIS) and A-line Autoregressive Index (AAI) may provide additional tools to the clinical scoring systems used for the quantitative monitoring of sedation levels in ICU patients. Even if BIS monitoring is successfully applied in clinical anaesthesia for assessing hypnosis, 11 -13 poor correlations with clinical scoring systems in the ICU have been reported. 14 -17 In contrast, previous studies have suggested that the AAI possesses potential advantages over BIS. 18, 19 Doi et al. 20 reported that AAI was the best predictor for various stimuli and correlated well with the RSS compared with BIS and spectral edge frequency 95%. The AAI was reported to be the best predictor, correlating well with the RSS. 20 Even though BIS and AAI are designed with a 0 to 100 scale, they are not identical and, as far as we are aware, no previous study has compared BIS and AAI with respect to their reliability in patients with short-term sedation after cardiac surgery. The primary aim of this study was to investigate the overall correlation and absolute agreement of BIS and AAI monitoring with respect to a clinical scoring system, the RSS. The study also focused on two periods of sedation: deep sedation (defined as RSS 4 -6) and slight sedation (defined as RSS 2 -3).
Patients and methods

PATIENTS
Patients ≥ 18 years of age undergoing elective coronary artery bypass graft (CABG) surgery, scheduled for post-operative mechanical ventilation and short-term sedation, were included in this prospective study. Those who were < 18 years of age, pregnant or who had a pre-existing neurological deficit were excluded. The study protocol was approved by the local institutional human investigation committee (Charité-University Hospital, Campus Mitte) and written informed consent was obtained from all patients.
STUDY PROTOCOL
All patients received oral premedication with 1 -2 mg flunitrazepam the evening before surgery and 0.07 -0.1 mg/kg oral midazolam 30 min before transfer to the operating room. Anaesthesia was induced with midazolam (1 -4 mg), fentanyl (4 -7 µg/kg) and etomidate (0.15 -0.3 mg/kg); pancuronium bromide (0.1 -0.15 mg/kg) was given for muscle relaxation. Anaesthesia was maintained with isoflurane 1.0 -1.5 vol% and fentanyl (5 -7 µg/kg per h). 21 All patients remained intubated and mechanically ventilated for transfer to the ICU. During transport, patients were sedated with a bolus intravenous (IV) application of propofol (0.2 mg/kg).
BIS AND AAI MEASUREMENTS
Immediately following admission to the ICU, the electrodes for BIS monitoring and the composite for AAI monitoring were attached to the head of each patient. The self-adhesive BIS TM sensor XP electrode (USA 186-0100 Fa; Aspect Medical Systems, Natick, MA, USA) was placed on the forehead for BIS monitor registration (A-2000™, version 3.4; Aspect Medical Systems). To calculate the AAI, an Aline monitor was used (AAI™-Index A-line Auditory Evoked Potential Monitor, version 1.4; Danmeter A/S, Odense, Denmark). Two AAI™ electrodes (ALE025; Danmeter A/S) were placed on the forehead and behind the ear, and earphones (ALH-001; Danmeter A/S) with a noise-reducing cover were given to provide an auditory stimulus (70 dB V von Dossow, M Moshirzadeh, M Kastrup et al. AAI and BIS in assessment of short-term sedation intermittent click). Impedance was checked for both monitors and confirmed at < 10 kΩ.
The BIS and AAI were recorded simultaneously in each patient at ICU admission, every 10 min for the first hour in the ICU and then hourly until extubation. After each BIS and AAI measurement, the RSS was obtained by a trained observer. Patient turning, mouth and tracheal suctioning were not allowed during the measurement period.
THE RSS SYSTEM
The RSS 6 is a clinical scoring system for sedated patients that scores sedation on a scale of 1 -6, as follows: 1, patient anxious and agitated; 2, patient co-operative, oriented and tranquil; 3, patient responding to commands only; 4, patient responding briskly to a light glabellar tap or to verbal stimulus; 5, patient responding sluggishly to a light glabellar tap or to verbal stimulus; and 6, no response to stimulus. The sedation protocol was divided into two periods: period 1, deep sedation (RSS 4 -6); and period 2, slight sedation (RSS 2 -3). According to this protocol, sedation was performed initially with three bolus applications of propofol (0.2 mg/kg) to achieve the period 1 RSS target of 4 -6. If this was not achieved with three bolus applications of propofol, continuous IV propofol (0.5 -4.0 mg/kg per h) was started. During period 2, propofol was reduced or stopped to achieve the period 2 target RSS of 2 -3, according to the study protocol.
Patients were weaned from mechanical ventilation as soon as they were normothermic, haemodynamic stability had been established and blood loss was satisfactory (< 100 ml/h). 21 Tracheal extubation was performed when the patient was awake, co-operative and successfully weaned from the respirator. 22 Heart rate, mean arterial pressure, central venous pressure, oxygen saturation and blood temperature were monitored continuously.
OTHER MEASUREMENTS
The Acute and Chronic Health Evaluation Score (APACHE III), 23 the duration of ICU stay and hospital stay were documented. All patients received analgesia with morphine bolus applications of 2 -5 mg IV on demand and paracetamol 4 × 1 g/day rectally. Each patient's pain intensity was documented hourly after extubation using a 100 mm visual analogue scale (VAS) ranging from 0 mm (no pain) to 100 mm (worst pain imaginable). 24 
STATISTICAL ANALYSIS
Data were presented as mean and SD or mean and SE for normally distributed data, or as median and interquartile range for non-normally distributed data. Agreement between categorical variables (RSS) and metrically scaled variables (indices) was estimated by the η-coefficient. 25 Agreement on pairs of BIS and AAI data recorded during a given RSS-defined sedation stage in a given patient was analysed using reliability analysis with respect to consistency and absolute agreement, respectively. Bland-Altman plots 26 
Results
PATIENTS
Forty patients were included in this prospective study. Clinical data, comorbidities and haemodynamic data on admission to the ICU are shown in Table 1 .
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Overall propofol consumption was 564 ± 62 mg and total morphine consumption was 3.7 ± 0.1 mg. Time between admission to the ICU and extubation was 7 h (interquartile range 6 -12 h).
STUDY OUTCOMES
BIS and AAI agreed well with the depth of sedation defined by the RSS (overall ηcoefficient, 0.902 for BIS and 0.836 for AAI; RSS 2 -3, 0.541 for BIS and 0.650 for AAI; RSS 4 -6, 0.771 for BIS and 0.603 for AAI). The systems also agreed well among each other: the overall intra-class correlation for consistency was 0.670 (95% confidence intervals [CI] 0.453, 0.812) and for absolute agreement it was 0.676 (95% CI 0.459, 0.816). Bland-Altman plots revealed a bias of 31.72 in the case of BIS compared with AAI. The corresponding measurements were, therefore, adjusted by that amount and reached very good absolute agreement ( Figs  1 and 2) .
The agreement between BIS and AAI was analysed, particularly for the two different periods of RSS (RSS 2 -3 and RSS 4 -6), to prove the quality of agreement in these particular stages (Figs 3 and 4) . The intraclass correlations for these stages were: RSS 2 -3, 0.654 (95% CI 0.377, 0.814) for consistency and 0.645 (95% CI 0.380-0.813) for absolute agreement; RSS 4 -6, 0.588 (95% CI 0.338, 0.760) for consistency and 0.593 (95% CI 0.343, 0.764) for absolute agreement.
The discrimination ability between RSS 2 -3 and RSS 4 -6 on the basis of BIS and AAI was demonstrated by testing the corresponding pairs of RSS with the pairwise Wilcoxon test (Fig. 5 ). Besides the significant differences in both indices, BIS had a slight advantage over AAI because of a greater difference between the means and smaller variability, resulting in closer confidence limits: difference between the means for BIS was 24.73 (95% CI 21.08, 28.37) and for AAI it was 20.90 (95% CI 14.64, 27.16) ( Fig. 5 ). 
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Discussion
The most important findings of this study were that both the BIS and AAI monitoring systems correlated well with the RSS clinical scoring system (overall η-coefficient for BIS was 0.902 and for AAI it was 0.836). The absolute agreement between both monitoring systems was also good for . However, BIS showed a slight advantage over AAI with respect to having a greater difference in the means between the different level of sedation and smaller interpatient variability. Generally, the main target for an additional monitoring system is to achieve clinical reliability, so that it is possible to distinguish between different sedation states and have minimal inter-patient variability. As far as we know, no previous study has evaluated these aspects for BIS in comparison with AAI in patients under short-term sedation in the ICU. In this study, there was good overall correlation between BIS and AAI. In those studies where BIS and AAI have been compared, albeit not involving patients under short-term sedation in the ICU, contrasting results have been reported. 7, 27, 28 Riker et al. 7 found good correlation between BIS and AAI in sedated ICU patients after cardiac surgery. Mondello et al. 27 observed that a progressive decrease of BIS values related to increases in RSS in patients sedated with propofol. One previous study evaluated the AAI with five clinical sedation scoring systems in the ICU, 28 reporting that RSS showed the closest correlation (r² = 0.68) in comparison with changes in latency of the midlatency component N(b).
In contrast to previous studies, the results reported here demonstrated that overall agreement with RSS and also agreement with RSS at different levels of sedation were excellent for both monitoring systems. 29, 30 De Deyne et al. 29 reported a good correlation between BIS and RSS in deep-sedated ICU patients. However, their results can only be partially compared with this study because they studied only deep-sedated patients (RSS 6) and the study period was short (2 h), 29 whereas in the present study different sedation levels were investigated and the study period was longer (≥ 12 h). Haenggi et al. 30 15 underlined the results of De Deyne et al., 29 showing that BIS correlated well with a variety of different scales in ICU patients, namely RSS, SAS, the Cook Scale, the modified Observers' Assessment of Alertness/Sedation Scale and the Glasgow Coma Scale, however interpatient variability increased at deeper stages of sedation. Moreover, Nasraway et al. 16 observed a suboptimal and inconsistent correlation between SAS and BIS (r = 0.36, P < 0.001) and concluded that the different results may be due to the difficulty in comparing objective BIS values with data derived from subjective observations. 16 In contrast, in the present study, interindividual variability was significantly higher with AAI than with BIS monitoring. This may be due to differences in study design and duration of measurements.
Good correlation does not necessarily imply good agreement. As outlined by Bonhomme et al., 31 the Bland-Altman analysis appears to be the correct statistical test to perform in order to determine the degree of agreement between two measurement techniques. Most of the abovementioned studies, however, did not perform Bland-Altman analysis and are, therefore, only partly comparable with data presented here.
One limitation of the present study is the fact that patients were simultaneously monitored with BIS and AAI, which may lead to concerns regarding the possibility of interference with signal recognition. However, Absalom et al. 32 evaluated the effect of auditory evoked potential clicks on levels of consciousness and BIS values during steady-state sedation and anaesthesia and did not show any difference in the BIS readings. Secondly, only cardiac surgery patients, who were scheduled for short-term post-operative sedation and short duration of mechanical ventilation, were studied. The results do not, therefore, reflect the monitoring of long-term sedation in critically ill patients in the ICU. Further studies are required to investigate electroencephalogram-based monitoring to determine the parameter which has the closest correlation with the clinical assessment.
In conclusion, the present study found that the prediction capacity was high for both BIS and AAI monitoring systems. Both showed excellent correlation, overall to the RSS, and agreement between BIS and AAI was good in slightly-(RSS 2 -3) and deeplysedated (RSS 4 -6) patients. BIS had a slight advantage over AAI because of a greater difference in the means at the two levels of sedation and a smaller inter-patient variability which resulted in closer confidence limits. Therefore, BIS might be the preferred monitoring system to use in addition to clinical assessment of sedation in ICU patients. As this study only included patients receiving short-term sedation,
